We present here the mathematical background of our approach, presented in [1] regarding the gap function and symmetry for the noncentrosymmetric (NCS) superconductor Li 2 P t 3 B. As revealed by the experiment, this NCS superconductor gives rise to line nodes in the superconducting order parameter, which is responsible for many of its experimental behaviors. Owing to the enhanced d-character of the relevant bands that cross the Fermi level,the system gets weakly correlated. The nature and symmetry of this nodal behavior is explained from a microscopic viewpoint. In this article starting with an Hubbard model relevant for this NCS system by considering the effect of the onsite Coulomb repulsion on the pairing potential perturbatively, we extract the superconducting gap equation. Further analysis [1] of this equation predicts a s ± wave gap function with line nodes as the most promising candidate in the superconducting state.
INTRODUCTION
The discovery of superconductivity in the noncentrosymmetric compound CeP t 3 Si [2] opened a new field of research. Broken inversion symmetry gives rise to an antisymmetric spin-orbit coupling which splits the spin degenerate electronic bands into two, each of which are now described by a helicity index. Gorkov and Rashba [3] already predicted that the superconducting order parameter in such a system is bound to be a mixture of spin-singlet as well as spin-triplet components. On the other hand, this gives rise to many unusual behaviors which are revealed through various experiments. Many possible theoretical explanations came up to explain these behaviors. For CeP t 3 Si the fact that the superconducting phase coexists with the magnetic phase [2] makes it difficult to clarify the mechanism.
The experimental finding of superconductivity in Li 2 P d 3 B [4] and subsequently the experiments in the pseudo-binary complete solid solution Li 2 (P d 1−x P t x ) 3 B, x = 0 ∼ 1 [5] revealed the fact that the superconducting phase for this family of compound does not coexists with other phases. Superconductivity in Li 2 P d 3 B is confirmed to be of s-wave type [6] [7] [8] [9] [10] [11] and phonon mediated. On the other hand the compound Li 2 P t 3 B, although iso-structural with Li 2 P d 3 B, shows line node behavior in several experiments [7, 9, 10] .
It was shown by the band structure calculations of the compound Li 2 P t 3 B that the Fermi surface is nested and there is an enhancement of the d-character of the bands that cross the Fermi level [12, 13] . This enhanced d-character gives rise to a correlation effect and we describe the Hamiltonian for this system [1] by adding an extra Hubbard like term with the usual Hamiltonian for the NCS metal,
Here the symbols have their usual meaning. The band dispersion ε k is obtained by a tight-binding fitting [1] and g k is the antisymmetric spin-orbit (ASO) coupling term specific to the point group of the system and is given by g k = g(sin(k x ), sin(k y ), sin(k z )) . U describe the onsite Coulomb interaction as usually.
Our aim in this work is to describe the pathway to derive the superconducting gap equation [Eq.14 in [1] ] for this cubic NCS superconductor starting from Eq.(1). For this we first define a few relevant quantities. Firstly we define the dynamical susceptibility tensor as,
here ... denotes the thermal average, T τ is the imaginary time ordering and Ω n are the Bosonic Matsubara frequencies. The charge (α = c) and α component of the spin operators with wave vector q are defined as,
where σ α is the α component of the Pauli matrix (α = x, y, z). As already mentioned, the superconducting gap for NCS superconductor is a mixture of singlet and triplet gap functions and is defined in the usual manner by the equation,
Here Ψ(k) is the singlet gap function and
pinning from the ASO coupling [14] . So one can write d(k) = φ(k)g k where φ(k) having the same symmetry of the momentum dependence as Ψ(k). For future reference we would like to mention that the static susceptibilities χ αβ (q) can be transformed to χ σ 1 σ 2 σ 3 σ 4 (q) as,
HereŴ is the orthogonal matrix of transformation given as,
and χ σ 1 σ 2 σ 3 σ 4 (q) is defined as,
Here G σ i σ j are the components of the Fourier transform of matrix normal Green's function defined by,
Similarly we can define components of matrix anomalous Green's function as,
Now we expand normal Green's function according to second order perturbation theory treating the Coulomb interaction part of H in Eq. (1) as a perturbation. Thus we have to evaluate the imaginary time-ordered bracket below by applying Wick's theorem,
here U(τ ) describe the Coulomb interaction part of H and have the general form,
After following the above mentioned steps we can arrive at the following expression for the order parameter [1] ,
The form of the Feynman diagrams that contribute to the calculation of the self energy part of the Green's function are also listed in ref. [1] . We can also write the matrix anomalous Green's function Eq. (9) in spin space as the combination of terms from singlet (F s (k)) and triplet part (F α (k), α = x, y, z) as shown below,
Using Eqs. (4), (5), (12) and (13) we can evaluate the different contributions (singlet and triplet) to the superconducting gap function. The singlet part can be written as,
Since we are working with static susceptibilities so terms like χ cx do not contribute. So we can finally write,
where
Similarly, we can evaluate the different components of the triplet d-vector. We start with d x , which is found to be,
Which gives us,
where,
We can also find out the expressions for both d y and d z .
Finally we give relevant expressions for d y .
where, 
